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D. Pohl, MD*; E. Waubant, MD, PhD*; B. Banwell, MD; D. Chabas, MD, PhD; T. Chitnis, MD; B. Weinstock-Guttman, MD; and S. Tenembaum, MD; for the International Pediatric MS Study Group ‡ Abstract-Studies in adult patients with multiple sclerosis (MS) suggest significant benefit of early treatment initiation. However, there are no approved therapies for children and adolescents with MS. For adult MS, tolerability and efficacy of several immunomodulatory and immunosuppressive drugs have been demonstrated. Guidelines for the use of these MS therapies in children do not exist. Several small cohort studies of the safety and tolerability of disease-modifying therapies (DMT) in children and adolescents with MS have been recently reported. The side effects of interferon beta (IFNB) and glatiramer acetate (GA) appear to be similar to those reported by adults. The long-term tolerability and safety have yet to be established and efficacy data have yet to be studied. In view of the potential for significant long-term physical and cognitive disability in children with MS, and recent evidence that initiation of immunomodulatory therapy early in the course of MS improves long-term prognosis, an increasing number of children and adolescents with MS are being offered the DMT approved for adults. This review summarizes current knowledge of DMT in pediatric MS and experience in several centers treating pediatric MS and MS variants such as neuromyelitis optica or Devic disease, Balo concentric sclerosis, Marburg acute MS, and Schilder disease (myelinoclastic diffuse sclerosis). Finally, an overview of symptomatic MS therapies and experiences with these treatments in pediatric patients is provided. Pediatric multiple sclerosis (MS) is often associated with a relatively high relapse rate early in the disease. However, the conversion to a secondary progressive course or long-term disability is thought to be slower in children compared to adults. Nonetheless, as a result of developing MS at an early age, individuals reaching any given level of impairment will be younger than individuals with adult onset disease. 1, 2 Disease-modifying therapies (DMT) for adult MS are now initiated soon after diagnosis based on several clinical trials that suggested benefits of early treatment. [3] [4] [5] Patients younger than 18 years were not enrolled in pivotal trials of MS therapies, and thus these therapies have not been officially approved in the pediatric age group. Since there appears to be considerable overlap between MS in children, adolescents, and adults, 6 many young patients are already receiving off label treatment with DMT approved for adult MS.
Children and adolescents treated with immunomodulating drugs seem to experience similar side effects as adult MS patients. [7] [8] [9] [10] [11] However, because of weight and body surface differences, it is not clear how the dosage should be adapted to maximize tolerability and efficacy for individuals before they reach adult size. Furthermore, general questions such as drug effect on growth, puberty, or long-term adverse events on the still immature immune system have not yet been addressed. In addition, since all immunomodulating drugs are relatively new (maximum experience of about 15 years in adults), unexpected long-term adverse events remain possible and could be of particular importance in younger patients.
Current MS therapies.
The aim of drugs that modify the course of MS is to reduce the frequency of clinical relapses and to prevent the progression of disability. Current DMTs for MS modulate or suppress the immune system (table 1). There are four Food and Drug Administration (FDA)-approved immunomodulating agents for reducing MS relapses in adults: three preparations of interferon beta (IFNB) and glatiramer acetate (GA). [12] [13] [14] [15] [16] There is also one FDA-approved immunosuppressive medication, mitoxantrone, for patients with worsening MS. 17 Other immunosuppressive agents used empirically for patients with aggressive MS include oral azathioprine, IV immunoglobulins (IVIg), oral methotrexate, oral mycophenolate mofetil, IV cyclophosphamide, and pulses of IV methylprednisolone (MP). Natalizumab, an anti-alpha 4 integrin, was granted FDA approval for relapsing forms of MS, [18] [19] [20] but safety concerns arising after three patients developed progressive multifocal leukoencephalopathy (PML) led to its temporary removal from the market. The FDA approved its return in summer 2006. It is expected that the drug will be used as a second line therapy in patients intolerant to or failing on IFNB or GA.
Treatment options and experience in pediatric MS and its variants. Treatment for relapses.
No therapeutic trial for relapses has yet been conducted in the pediatric MS population. Therefore relapse therapy is based on clinical experience, and extrapolated from studies of acute relapse management in adult MS.
Corticosteroids. In adults, mild relapses or relapses recovering spontaneously do not warrant high dose steroid treatment. Relapses associated with significant neurologic impairment (e.g., interfering with daily function) are usually treated promptly with high doses of IV glucocorticosteroids in order to shorten relapse duration and hasten recovery. [21] [22] [23] High doses of IV methylprednisolone (IVMP) (more than 500 mg/day for at least 3 days in adults) seem superior to lower doses (IV or oral). 24, 25 Recent data suggest that high doses of oral prednisone could substitute for IV pulses in adult MS. 26 The typical regimen in adults, 1 g per day for 3 to 5 days administered IV, is generally well tolerated 23 except for occasional insomnia, mood changes, and rare psychosis.
The most frequent side effects of high dose glucocorticosteroids are facial flushing, sleep difficulties, irritability, and increased appetite. In children, growth retardation is an additional concern with prolonged corticotherapy. Although side effects such as high blood pressure and hyperglycemia are rare, especially in children, treatment with corticosteroids requires careful monitoring of blood pressure, urine glucose, serum potassium, and administration of gastric protection. The risk of side effects increases with prolonged use and total cumulative dose. Corticosteroids used in the doses reviewed are generally well tolerated, even when a short oral taper dose is given.
Plasma exchange. Plasma exchange has been proposed to treat severe relapses in adult patients with MS or NMO when they fail to recover after treatment with high-dose glucocorticosteroids. 27 Plasma exchange has also been proposed in children to avoid side effects of frequent pulses of steroids as an alternative treatment for recurrent relapses occurring over a short period. However, the available literature in the pediatric population is restricted to a single case report of a 7-year-old patient with MS with high titers of antinuclear autoantibody. 28 IV immunoglobulins. The efficacy of IVIg has never been demonstrated as a preventative or curative relapse therapy in MS or NMO. In adult patients, IVIg therapy (0.4 g/kg daily for 5 days followed by three single infusions monthly for 3 months) was not found to improve visual recovery after optic neuritis, 29 nor delay the time to progression in secondary progressive (SP) MS (in a dosage of 1g/kg monthly). 30 Although IVIg treatment in combination with high dose glucocorticosteroids does not appear superior to high dose glucocorticosteroids alone to treat relapses, 31, 32 IVIg (in a dosage of 0.4 g/kg daily for 5 days) has been somewhat helpful to children and adults with acute demyelinating attacks who do not improve after high dose MP. [33] [34] [35] [36] [37] [38] Disease-modifying therapy. Immunomodulatory therapy. Both GA and IFNB are immunomodulators, and decrease relapse rate and MRI activity in adult patients with relapsing MS. [12] [13] [14] [15] [16] Two IFNB-1a and one IFNB-1b are FDA approved for RRMS (table  1) . IM IFNB-1a recently gained a label extension for adults experiencing an initial demyelinating attack, also termed a clinically isolated syndrome (CIS). None of these therapies has been approved for use in the pediatric age group. While there is some reported experience using these therapies in children with MS, efficacy and tolerability data are extremely limited, especially in children under the age of 10 years.
Interferon beta-1b (Betaseron/Betaferon). A retrospective review of safety and tolerability of IFNB-1b in a cohort of 43 children and adolescents with MS was recently reported by an international working group. 11 Eight medical centers worldwide with expertise in the care of pediatric MS patients participated in the study. Treatment was initiated at a mean age of 13 years (eight children were less than 11 years old at first injection) for a mean of 30 months. All but two children (both under age 10) received the full adult dose (8 million international units [MIU] ), 26 of them after an escalation from an initial dose of 25 to 50% of full dose. No serious or unexpected adverse events (AE) were reported. Most common AE included flu-like symptoms (35%), abnormal liver function test (LFT) (26%), and injection site reactions (21%). There was a trend to higher LFT changes in patients under 10 years of age. This small study and case reports of IFNB-1b treatment in pediatric patients suggest a reasonable short-term safety profile. 11, 39, 40 Long-term efficacy studies are not available; however, a case report of a 7-year-old boy treated with IFNB-1b (4 MIU SC every other day) did not show either a significant clinical relapse or new lesions on follow-up MRIs over a 3-year period. 39 In another report, a 15-year-old patient with SPMS treated with IFNB-1b (8 MIU SC three times per week) showed improved neurologic status. 40 Interferon beta-1a IM (Avonex). Data on tolerability of weekly IM IFNB-1a for treatment of relapsing remitting MS (RRMS) in nine children Յ16 years of age was reported in a retrospective study. 7 Mean duration of therapy was 17 months (range 5 to 36 months). One patient initiated therapy at one third of the dose (10 g weekly), two patients at one half the dose (15 g weekly), and six patients at full dose (30 g weekly); all but the youngest child (8 years old) were escalated to full dose within 1 month. AE included flu-like symptoms (44%), headaches (44%), fever (22%), and injection site soreness (11%). No patient discontinued therapy due to AE.
In another retrospective study, 13 of 16 RRMS patients below 18 years of age were treated with IFNB-1a IM. 41 All but the youngest patient (10 years old) were treated with full dose. IFNB-1a side effects were reported to be mild, and included frequent flulike symptoms and rare injection site erythema. Treatment was discontinued in 4 cases (31%) because of frequent relapses.
Preliminary results of an Italian multicenter Interferon beta-1a (Rebif). In a cohort of 46 patients with pediatric MS, 22 g SC of IFNB-1a treatment was initiated three times weekly. In five additional patients with very active disease, treatment was started at 44 g three times weekly. The mean age of the participants was 14.6 years (range 8.1 to 17.9 years). 10 The mean duration of therapy was 1.8 years (range 1 month to 4.4 years). Side effects were similar to those described for adult patients: injection site reactions (71%); flu-like symptoms (65%); gastrointestinal symptoms (10%); and blood count (39%) and LFT abnormalities (35%). Two of the 51 patients experienced serious AE. A 12-yearold boy developed a systemic reaction including generalized edema, weakness, fatigue, and mild pleural effusion, 4 weeks after initiating therapy with 22 g IFNB-1a three times a week. Therapy was discontinued and his symptoms resolved within 2 weeks without any sequelae. In the second case, a 12-year-old boy developed a depressive mood disorder after 13 months of treatment (5 months after increasing the dose to 44 g three times weekly). Seven other patients discontinued treatment due to various reasons: headache (1), needle phobia (2), inefficacy (1), injection site necrosis (1), nausea (1), and fatigue (1). All but one of the patients could be treated with the adult recommended dose (22 to 44 g three times weekly). Only a young patient of 8 years of age had to be switched to 22 g IFNB-1a twice a week injections due to liver enzyme elevation.
In a 6-year prospective, single-center, open-label study, IFNB-1a treatment was initiated in 24 patients of two treatment groups. 43 The mean age of study participants was 12.7 years (range 3.8 to 17.9 years). In the first treatment group, IFNB-1a was initiated in eight children with a tentative dose calculated as 33 to 50% of the adult dose of 22 g three times weekly. After a mean treatment of 29 months (18 to 48 months), the annual relapse rate had increased up to twofold compared to pretreatment values, and a planned dose escalation was subsequently performed. Twenty-three children tolerated the 22 g tiw dose, 16 of them from the beginning and seven after the dose-escalation phase. The mean exposure to treatment was 44.4 months (range 12 to 89 months). Tolerability was similar to that reported in patients with adult-onset MS. However, two possible serious AE were observed: one patient developed a depressive mood disorder and attempted suicide after 1 year of treatment and another developed treatment-associated polyarthritis after 3 months on IFNB. Therapy was discontinued permanently in only one of the 24 patients due to concomitant polyarthritis. During the 6-year follow-up, a significant reduction in the relapse rate compared to pretreatment values was observed, but only in the relapsing remitting subgroup receiving IFNB-1a 22 g tiw.
Additionally, there is one case report of a 7-yearold child with RRMS treated with IFNb-1a SC, who was started at a dose of 2 MIU tiw. 44 The patient experienced three minor relapses during the first year and a severe exacerbation during the second treatment year. The dose was then increased to 6 MIU (22 g) tiw. Further follow-up is not available.
None of the aforementioned studies was designed to objectively evaluate treatment efficacy. However, one study reported increased annualized relapse rates (ARR) at doses lower than 22 g tiw, whereas 22 g tiw was associated with decreased ARR (1.8 pretreatment compared to 0.14 on drug) and disability compared to baseline. 43 In another study, mean ARR decreased on drug (1.9 pretreatment compared to 0.8 on treatment with IFNB-1a SC 22-44 g tiw). 10 The preliminary results of the ITEMS study including eight patients treated with IFNB-1a 22 g tiw show a decrease of ARR from 4.1 pretreatment to 0.7 after a mean treatment duration of 48.6 months. 42 Glatiramer acetate (Copaxone). GA appeared to be safe and well tolerated in seven children with RRMS at the daily adult dose of 20 mg daily administered SQ for 24 months. 45 Treatment was initiated in children with a median age of 16.6 years. Reported AE included injection site pain or induration (2/7) and transient systemic reaction (1/7). Although no patient discontinued therapy due to AE, three of seven children discontinued treatment due to frequent relapses and disability progression.
A Web-based survey of 43 patients treated with GA under the age of 18 reported only one patient discontinuing therapy because of side effects. 9 Preliminary results of the Italian ITEMS study included seven patients treated with GA under the age of 16 years. After a mean treatment duration of 14.7 months, there was a reduced ARR from a baseline of 2.5 to 0.1 on drug and stable EDSS were reported. 42 IV immunoglobulins. IVIg has been proposed for pediatric MS patients whose symptoms relapse within days or weeks of discontinuation of steroids. 9 The reported regimen was 0.4 g/kg initially given daily for 5 days, followed by subsequent IVIg pulse either every other month or every 3 months for a duration ranging from 6 months to 1 year. 9 An alternative regimen based on a study in adult MS patients 46 consists of monthly IVIg 1 g/kg/day on two consecutive days and appears to be well tolerated in the pediatric age group (personal communication).
Immunosuppressive therapy. Azathioprine. Oral azathioprine in a dose of 2.5 to 3 mg/kg/day has been used in MS to prevent exacerbations. Data regarding its clinical benefits are available in adult MS patients, [47] [48] [49] whereas MRI effects have only been studied in small groups of patients. 50, 51 Side effects include cytopenia, gastrointestinal intolerance, liver toxicity, and skin rashes. The risk to develop cancer on long-term therapy is unclear. The drug remains a reasonable alternative for patients refusing injectables, tolerating poorly IFNB or GA, or not responding to these drugs, but close monitoring of the complete blood count (CBC) and LFTs is recommended. Management of poor responders. As in adults with MS, some children fail treatment with IFNB or GA, e.g., continue to present acute relapses and progression of disability 6 to 12 months after initiating appropriate regimen of various DMT. There is no accepted definition of MS treatment failure in adults and children. Anecdotal evidence from several groups indicates that a variety of treatments can be used as escalation therapy for children with MS, including the addition of pulse IV steroid treatments to approved DMT, or a switch to chemotherapeutic agents including cyclophosphamide, mitoxantrone, methotrexate, or mycophenolate mofetil. However, there is little experience with these medications in children, and toxicities may limit their use in the pediatric population. The experience with immunosuppressive agents in adults is summarized below. Only a small number of children received between one and three infusions of natalizumab 300 mg before it was pulled off the market in February 2005. Therefore, no conclusion regarding its safety and efficacy in children with MS can be made at this time.
Cyclophosphamide. The efficacy of cyclophosphamide in advanced forms of SPMS is unclear [52] [53] [54] although younger adult patients with relapsing MS 54 or earlier stages of the disease 55 may derive some benefit. In adults with relapsing disease doing poorly on IFNB, monthly pulses for 6 months have been associated with reduction of disease activity on serial MRI scans compared to monthly IVMP. 56, 57 Pulse cyclophosphamide therapy is started at 800 mg/m 2 given every 4 weeks. Dose should be titrated for a target WBC nadir of 1,500 to 2,000/mm 3 obtained 10 to 12 days after the infusion. IVMP may be given as concomitant treatment.
Short-and long-term safety of cyclophosphamide has not been established in the pediatric population, and common potential side effects may include nausea and vomiting following infusion, risk of infection, transient alopecia, as well as menstrual irregularities and gonadal failure. Oral contraceptives or Lupron may provide some protection against gonadal failure in girls, and sperm banking should be considered in boys. Fluid loading prior to and after treatment helps prevent hemorrhagic cystitis. The length of treatment varies from a few months to up to 3 years, with the maximum duration limited by the potential risk of hemorrhagic cystitis, bladder cancer, and hematologic malignancies.
Mitoxantrone. A phase III study in worsening adult MS demonstrated that recipients of mitoxantrone compared to placebo experienced significant benefits at 24 months on disability progression, Oral methotrexate. Oral methotrexate 7.5 mg per week may slow progression of disability in patients with progressive MS as measured by a composite measure of disability, ambulation, hand function, and MRI. 58, 59 Methotrexate up to 20 mg per week in association with folic acid (1 mg/day) is currently used occasionally in adult patients. Therapy can result in macrocytic anemia that responds well to folate supplement. Other side effects include bone marrow depletion, gastrointestinal disturbances, liver toxicity, and interstitial pneumonitis.
Natalizumab. Natalizumab treatment (300 mg infused monthly) decreases relapse rate by up to 68% and reduces progression of disability by 42% over 2 years. [18] [19] [20] Natalizumab reduces MRI activity in adult patients with relapsing MS by up to 92% at year 1 and 2.
18-20 Safety concerns arising after three patients developed PML led to a suspension of its use in February 2005. In summer 2006, the FDA approved its return on the market as a monotherapy with a special restricted distribution program.
Treatment for progressive forms of MS. There is no approved therapy for primary progressive MS or secondary progressive MS without relapses. The effect of IFNB on pure progression in SPMS is unclear. [60] [61] [62] [63] Several phase II and III clinical trials have failed to show a beneficial effect of IFNB-1a, mitoxantrone, IVIg, and GA on progression of disability in PPMS [64] [65] [66] and SPMS. 30 Several drugs are used arbitrarily off-label to attempt preventing progression in patients with SPMS without superimposed exacerbation or PPMS that include pulses of IVMP, 67 oral methotrexate, and IV cyclophosphamide.
Taking into consideration the rarity of progressive forms of MS in children, it is unlikely that any clinical trials will be feasible in the future. Treatment decisions will therefore have to rely on findings and recommendations in adult MS patients.
Experimental treatments. Recent advances in the treatment of adult MS include the evaluation of new immunomodulatory agents and exploration of neuroprotective agents. A subset of novel MS therapeutics have been previously used for other disorders, both in adults and children, and have an established safety profile. Included in this category are the monoclonal antibodies Daclizumab and rituximab. Although efficacy of some drugs in the adult MS population has been established, strict safety profiles should be established prior to use in pediatric patients.
General recommendations for the treatment of pediatric MS. Relapse therapy. As in adults, relapses associated with significant neurologic impairment warrant high-dose steroid treatment. A typical regimen used by child neurologists is IVMP 20 to 30 mg/kg/day as 1 to 2 hour infusion in the morning for 3 to 5 consecutive days. In view of potential side effects of prolonged steroid treatment in pediatric patients, a subsequent oral taper should be restricted to patients with insufficient resolution of symptoms after IVMP or those patients who experience recurrence of symptoms after IVMP discontinuation. Steroid taper should be kept as short as possible, usually not exceeding 2 to 3 weeks (e.g., prednisone 1 mg/kg/day as a single-morning dose during the first 3 days after IVMP, followed by progressive dose reduction every 2 to 3 days). Although high doses of oral glucocorticosteroids (e.g., MP 10 mg/kg/day as a single morning dose) are an alternative to IVMP treatment, there are no tolerability and efficacy data (apart from personal communications) for children and adolescents with MS. Children with severe relapses not improving after high-dose IVMP pulse or with contraindications to glucocorticosteroids might benefit from a treatment with plasma exchange.
IVIg may be an option for children with contraindications to corticosteroids and mild to moderate attacks, although efficacy has not been formally investigated. IVIg doses up to 1 g/kg/day on 2 consecutive days might be administered.
In children with frequent attacks despite excessive glucocorticosteroid exposure or with steroid dependency (e.g., recurrence of symptoms during or after glucocorticosteroid taper) plasma exchange or IVIg treatment may be considered.
Disease-modifying therapy. Initiation. The International Pediatric MS Study Group agreed that immunomodulatory treatment should be started in children and adolescents with active RR disease (defined clinically or by MRI scans) after MS is diagnosed. More than one exacerbation in a period of 1 to 2 years and new T2-bright lesions or gadoliniumenhancing lesions on repeat brain MRI scans over the same time frame warrant DMT. In patients with a recent clinical exacerbation, any MRI change or enhancement on a follow-up brain MRI 3 to 6 months after the exacerbation would suggest disease activity. In patients whose initial episode includes encephalopathy the use of DMT should be delayed until a second or third attack with more typical MS features has occurred to avoid giving DMT to a child with ADEM or its variants.
Choice of drug. First-line MS therapies include approved drugs for adult MS: IFNB-1a and -1b and GA. The drug should be chosen after discussions with the child and parents that include issues related to compliance, efficacy, and tolerability. In patients with needle phobia or who cannot tolerate DMT a secondary option is azathioprine. Alternatively, IVIg treatment could be considered, especially for very young children (6 years and younger), given limited knowledge of tolerability of IFNB and GA in this age group. Dosage. Dose adjustment for IFNB in children younger than 10 years or with a corresponding low body weight might be necessary, especially at initiation of treatment. The initial IFNB dose might be decreased to 25 to 50% of the recommended full dose for adults with MS, followed by a stepwise escalation every 2 to 4 weeks up to full or highest tolerated dose. Use of acetaminophen (15 mg/kg) or ibuprofen (10 mg/kg) at the time of injections and, if necessary, 4 to 6 hours thereafter will lessen frequency and severity of flu-like symptoms during the first months of therapy. GA regimen in children and adolescents is similar to adult regimen. No dose escalation is needed. For second line therapies, such as azathioprine and IVIg, the dosage should be weight adjusted, as done in adult MS.
Follow-up evaluations. Both tolerability and efficacy should be evaluated during follow-up evaluations. Interferon therapy requires laboratory monitoring, especially in the first months after initiation. The authors recommend obtaining CBC with differential, AST, and ALT monthly until the full dosage is reached, every 3 months thereafter, and whenever the patient's well-being is impaired. For patients on azathioprine, CBC every 3 to 6 months will guide decisions regarding the dose and checking AST and ALT every 6 months will monitor liver function.
One approach to evaluate treatment efficacy in an individual patient is to perform neurologic examinations at baseline and at 1, 3, and 6 months, and every 6 months thereafter. In case of a stable disease without attacks, yearly follow-up may be sufficient later on. A repeat brain MRI scan with and without gadolinium should be obtained 6 to 12 months after initiating DMT. This scan should be compared to the baseline scan obtained around the time of treatment initiation. After the first year of therapy in stable patients (no clinical attacks, no new T2-bright areas on treatment at month 12), brain MRI scans can be obtained yearly.
Change of treatment. Change of DMT should be considered in the presence of severe side effects, poor compliance, or in patients who appear to be poor responders.
Compliance. To maximize compliance, young patients and their parents need regular support by frequent follow-up by the clinical team, e.g., clinic visits, phone calls, and a support network. Adolescents are advised to learn to inject themselves and are encouraged to take control of their treatment. As noted elsewhere in this conference report, compliance is generally much better when children have participated in their treatment decisions (see McAllister et al.). 67b Management of poor responders and progressive forms. Addition of IVMP pulses (up to 1 g/day on 3 consecutive days monthly), or switch to mitoxantrone (up to 12 mg/m 2 every 3 months), cyclophosphamide (starting at 700 mg/m 2 monthly), or methotrexate (up to 20 mg weekly), have been used in a few pediatric MS patients who continued to present significant numbers of clinical exacerbations or new MRI lesions while on appropriate regimen of IFNB or GA treated by members of the International Pediatric MS Study Group. Meticulous follow-up protocols are mandatory for all these treatments. Natalizumab therapy is restricted by the FDA to patients over 18 years of age. There are currently too little safety data to consider its use in children. 27, 68 Long-term therapy with oral azathioprine or IV rituximab may decrease relapse rate. 69, 70 The effect of IFNB and GA is unclear, with only isolated reports. 71 In three children with NMO who were corticosteroid dependent, combined therapy with monthly IV cyclophosphamide and oral methylprednisolone (1 to 2 mg/kg/day) was well tolerated. Combination treatment seemed to reduce relapse rate and improve disability in two children, whereas the third one remained stable. 72 There are no published data regarding long-term immunosuppressive therapy in children with NMO.
Treatment options and experience in
Balo concentric sclerosis. There has been no therapeutic trial for Balo concentric sclerosis due to small numbers of patients. In adults, treatments with corticosteroids, [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] mitoxantrone, 75 immunosuppressants, 75, 80 and plasmapheresis 79 have been reported to have various efficacy.
To date, only four Balo concentric sclerosis cases with an early onset before the age of 18 years have been published. 81, [83] [84] [85] A 4-year-old boy and a 15-yearold girl were treated with high dose corticosteroids and showed subsequent remission for the reported follow-up periods of 5 and 6 months. 81, 84 On the contrary, the effect of corticosteroids in a 13-year-old girl and a 16-year-old boy was questionable and of short duration. 83, 85 Azathioprine treatment did not prevent further attacks in the 16-year-old boy, 83 whereas IVIg treatment was followed by a longlasting remission during a 30-month follow-up in the 13-year-old girl. 85 In view of the sparse data on therapy for Balo disease no specific treatment recommendations can be made.
Marburg acute MS. Marburg's variant of MS is rare, and there are no reports of pediatric cases in the recent literature. No controlled clinical trials have been done, and there are few reports on thera-peutic interventions. Treatment with steroids is often unsuccessful. [86] [87] [88] [89] [90] [91] Plasma exchange has been described to be effective in single cases and in some patients in a blinded clinical trial. 27, 90, 92 Mitoxantrone was reported to maintain remission after plasma exchanges in two patients. 90, 91 The treatment of pediatric patients with Marburg disease will have to rely on the experience in adult patients in whom plasma exchange and immunosuppressive treatment seem to be beneficial.
Schilder myelinoclastic diffuse sclerosis. Most reported cases of pediatric Schilder disease were treated with high dose and often long course corticosteroids. [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] This treatment was followed by some improvement in the majority of patients. IVIg was used in one patient with questionable effect, 101 and in two patients without effect.
101,106 A 12-year-old boy was treated with cyclophosphamide followed by azathioprine, and was reported to be stable on this regimen, 103 whereas azathioprine did not prevent progressive decline in a 12-year-old girl. 101 Cyclophosphamide treatment in combination with ACTH was followed by complete recovery in another patient who had failed to respond to ACTH alone. 111 Therapy of pediatric patients with myelinoclastic diffuse sclerosis is based on both anecdotal reports of treatment and recommendations for classic MS.
Symptomatic therapy.
There are little published data outlining the frequency of common MS symptoms, such as spasticity, fatigue, bladder dysfunction, and depression, in the pediatric MS population. The DMT available today and presented earlier in this article benefit MS by decreasing the number of relapses and delaying the progression of physical disability. However, these therapies often do not restore already established impairment. Symptomatic therapy plays a role in reducing the physical and emotional consequences of the disease.
Spasticity. The goal of spasticity treatment is to improve mobility, reduce pain, and control painful muscle spasms. In severely affected patients, care involves positioning in order to prevent contractures and pressure sores. The treatments offered to reduce spasticity in children with MS are very similar to methods used in children with severe spastic cerebral palsy. Prior to initiation of any therapeutic program, a careful review of systems is indicated to exclude confounding contributions to spasticity such as urinary tract infection or pain due to musculoskeletal or bone injury. Initial management of spasticity utilizes daily stretching and physical therapy, with particular focus on range-of-motion exercises. If stretching exercises are insufficient, progressive titration of antispastic medication can be considered. Baclofen, a GABA agonist, is the drug of choice for monotherapy. It is particularly useful for reducing the flexor or extensor spasms and increased flexor tone. Starting dose is usually 2.5 mg daily, which can be titrated up gradually to a maximum of 20 to 60 mg/day, based on the response. 112, 113 Tizanidine, a central alpha-adrenergic agonist, can be considered as monotherapy for patients who do not tolerate baclofen. Tizanidine is started usually at a dose of 1 mg given at bedtime for children under 10 years and can be initiated as 2 mg for children of 10 years or more; maintenance dose is 0.3 to 0.5 mg/kg/day divided four times daily. 114 Diazepam and clonazepam also facilitate GABA-mediated synaptic inhibition, and may be of value in selected patients. However, benzodiazepines have significant sedative side effects and exhibit tolerance over time, which often limits their utility. Relatively low evening doses may be effective for nocturnal stiffness and spasms especially in combination with baclofen or tizanidine. Diazepam has been used in the dosage range from 1 to 10 mg per dose; it could be administered up to three to four times per day. 115 Clonazepam is rapidly absorbed after oral administration, has a half-life of 18 to 28 hours, and has been used to reduce nighttime muscle spasms. Typical dosage in children is 0.01 to 0.03 mg/kg/day divided BID or TID. 116 In cases of medically intractable spasticity or intolerance to oral medications, implantation of a pump placed in the lower abdomen with an intrathecal catheter (intrathecal baclofen, ITB) can deliver continuously baclofen with remarkable efficacy already proven in the adult MS population but also in a significant number of children with cerebral palsy. 117 For patients resistant to the previously mentioned antispasticity interventions selective botulinum toxin type A injections can be also considered. Botulinum toxin has successfully relieved severe leg adductor spasticity in some patients, but its high cost, restricted muscle area of benefit, and short lasting effect requiring repeated administrations limit its use. Destructive procedures including surgical neurectomy and rhizotomy are less frequently used since the introduction of the ITB pump, and are of limited applicability.
Fatigue. Many children with MS complain of fatigue. Patients who experience fatigue that is sufficiently severe to interfere with school performance or social activities may benefit from pharmacologic therapy. When evaluating a complaint of fatigue it is important to exclude depression, sleep disturbances, inappropriate dietary interventions, or exhaustion related to physical disability and exposure to heat, which should be diagnosed and appropriately treated.
Pharmacologic management of fatigue in children is based on strategies utilized in the management of adults with MS fatigue. Amantadine 100 to 200 mg qd is the most commonly used antifatigue medication in adult MS. 118 Amantadine is an NMDA receptor antagonist with antiviral, neuroprotective, and antiparkinsonian effects. A recent study showed amantadine to be safe and efficient in treating behavioral changes associated with brain injury in children. 119 The dosage used as per pediatric recommendations were as follows: for age 6 to 9 years (weight Ͻ40 kg) 5 mg/kg/day up to maximum dose of 150 mg/day; for age 10 years or older and weight Ն40 kg, 200 mg/day.
If amantadine is not effective, modafinil, a wakefulness-promoting agent, should be considered. 120, 121 The safety of modafinil 50 to 100 mg in the morning in the pediatric population was recently evaluated in a small group of children with spasticity related to cerebral palsy. 122 Its effect on fatigue in pediatric MS is unknown. Methylphenidate 10 to 40 mg qd and its extended-release form methylphenidate HCl SR are occasionally used to treat fatigue in adult MS. The potassium channel blockers represent a new approach for treatment of MS symptoms such as weakness and fatigue. This group of drugs, includ- ing 4-aminopyridine and 3, 4-diaminopyridine, has been tested in MS clinical trials, showing benefit in strength and ambulation. 123 The side effect of most concern has been seizures, and thus any child with a history of seizures should not be offered these medications.
Tremor and ataxia. Cerebellar tremor and ataxia are among the most disabling neurologic symptoms of MS and respond poorly to most therapies. Fortunately, although ataxia and tremor are common features of acute MS relapse, in the authors' experience most children show spontaneous improvement of these symptoms. Occupational and physical therapy can be helpful in providing adaptive equipment (e.g., wrist weights, Rollator, peripheral cooling) for safe walking and other daily activities. In our experience, clonazepam is the most effective treatment for MS intention tremor (table 2) . Another treatment option is primidone (initiated as 25 to 50 mg hs and increased every 2 to 3 weeks up to 250 mg if tolerated). 124 In adults, stimulation of the ventral intermediate thalamic nucleus (deep brain stimulation, DBS) is a promising new technique that has been demonstrated to be effective in parkinsonian, essential, and intention tremor. Preliminary results in adult MS patients have demonstrated considerable success in tremor control. The procedure is being recommended only for carefully selected patients with relatively stable disease, in whom upper extremity tremor is the most disabling symptom. 125 There is no published experience in children with MS.
Paroxysmal symptoms. Paroxysmal symptoms occur abruptly during exacerbations of MS, spread DMT ϭ disease-modifying therapy; MS ϭ multiple sclerosis; NSAID ϭ nonsteroidal anti-inflammatory drug; CBC ϭ complete blood count; LFT ϭ liver function tests; FDA ϭ Food and Drug Administration; ESR ϭ erythrocyte sedimentation rate.
within seconds, and last for seconds to minutes with no enduring deficit. They may present as motor tonic spasms or sensory paresthesias, occur repeatedly, are promoted by hyperventilation, and can be painful. Treatment with IVMP (500 mg to 1000 mg/day) for 3 to 5 days may be sufficient to treat the relapse but sometimes symptoms last several weeks and require short-term symptomatic treatment. Acetazolamide can be initiated at the full dose (250 mg BID-TID in adults) with the advantage of not being sedative contrarily to anticonvulsants. Carbamazepine is also useful even in usually subtherapeutic anticonvulsant dosages. Cognitive impairment. Cognitive impairment occurs in up to 50% of MS adult patients even in the first stages of the disease and recent pediatric MS studies have called attention to similar deficits. 126, 127 Recent studies in adult MS suggest functional improvement using donepezil therapy. 128, 129 At this point, a more in-depth understanding of the scope, severity, and consequences of cognitive impairment in pediatric MS patients is urgently required before pharmacologic intervention can be considered.
Urologic and bowel disorders. Disruption of bladder function is a common and distressing problem in adult MS patients, but appears to be relatively infrequent in children with MS. Neurogenic disorders of the bladder include detrusor hyperreflexia with urge incontinence, frequently associated with sphincter dyssynergia and areflexia with urinary retention. A more exact evaluation is obtained using videourodynamic studies. Early recognition of abnormal urodynamic parameters can prevent serious urologic complications.
Urinary tract infections are frequent in adult MS patients (40 to 60%) and should be the first concern at the time of initial inquiry about bladder disturbances. Detrusor hyperreflexia (without significant post-voided urine residual [PVR], e.g. PVR below 100 mL) usually responds to anticholinergic agents. The most commonly used are oxybutynin, tolterodine, and hyoscyamine. A recent study that evaluated the effectiveness and tolerability of tolterodine (0.1 mg/kg/day for patients under 5 years and 2 mg/day for older children, divided into two doses) and oxybutynin (0.4 mg/kg/day, divided into three doses) in children with detrusor instability showed that although the reductions in the urge urinary incontinence episodes were similar with tolterodine and oxybutynin, tolterodine showed significantly better tolerability. 130 Anticholinergic treatment overdose can result in urinary retention. Detrusor-sphincter dyssynergia (with significant urine residual, PVR above 100 to 150 mL) responds to combination of anticholinergic agents with intermittent straight catheterization (ISC). Severe nocturia unresponsive to evening fluid restriction, anticholinergic medication, and ISC might respond to desmopressin acetate nasal spray 0.1 to 0.2 mL (10 to 20 g) given at bedtime. Similar to bladder dysfunction, bowel dysfunction is rare in children with MS. Constipation is more common than bowel incontinence, but some patients experience an alternating pattern. Maintaining a good fluid intake, scheduled defecation 30 to 60 minutes after eating, bulk-forming agents (bran and psyllium), and stool softeners such as docusate sodium are often helpful.
Summary. Given the goal of inhibiting disease progression and disability, the Study Group suggests that children with MS be treated with the DMTs approved for use in adults. Given the limited experience and the lack of approved drugs in the pediatric population, the group strongly recommends that treatment is initiated and supervised by practitioners experienced in pediatric MS. In view of the potential severe long-term consequences of pediatric MS, treatment should not be delayed into adulthood but started early in the disease course.
